We study the semileptonic Bs and B decays into the D * 
I. INTRODUCTION
The recent discovery of many mesons with charm contributed to the revival of hadron spectroscopy (for recent reviews, see Ref. [1] ). Two interesting examples of these mesons are the D * s0 (2317) [2] and D * 0 (2400) [3] scalar resonances. As it happened to other states, their measured masses and widths do not match the predictions from potential-based quark models. This disagreement motivated several non-conventional (exotic) interpretation of these states. Among them the most popular are multiquark configurations in the form of tetraquarks or meson molecules [1] . Since their masses are located below the DK and D s K thresholds it is quite natural to think that they are bound states of DK and D s K meson pairs. In the case of the D * s0 (2317), additional support to the molecular interpretation came recently [4] from lattice QCD simulations. In all previous lattice studies of the D * s0 (2317), it was treated as a conventional quark-antiquark state and no states with the correct mass (below the DK threshold) were found. In Ref. [4] , with the introduction of DK meson operators, the right mass was obtained. In [5] the scattering length of KD from QCD lattice simulations was extrapolated to physical pion masses and then, using the Weinberg compositeness condition [6, 7] the dominance of the KD component in the D * s0 (2317) state was concluded. A reanalysis of the results of [4] has been done in [8] using the information of the three energy levels of [4] and going beyond the effective range formula. The dominance of the DK component of the D * s0 (2317) was firmly established in [8] . On the other hand the analysis of the D * s0 (2317) → D * s γ radiative decay suggests that the D * s0 (2317) is most likely an ordinarycs state [9] , although this is disputed in [10] . It is therefore important to carry out further studies to clarify this question. One aspect to be investigated is the production of D * s0 (2317) and D * 0 (2400) in B s and B decays, respectively. The dominant decay channel of the B s meson is into the D s meson plus anything. Therefore various important properties of the cs mesons can be studied in the B s weak decays. In particular, they can shed more light on the controversial D * s0 (2317) meson, whose nature is still under debate, as discussed above. In recent years there has been a significant experimental progress in the study of the properties of the B s mesons. The Belle Collaboration considerably increased the number of observed B s mesons and their decays [11] . Moreover, B s mesons are copiously produced at Large Hadron Collider (LHC) and precise data on their properties have been taken by the LHCb Collaboration [12] . New data are expected in near future [13] . The study of weak B s decays is primarily devoted to the improvement in the determination of the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements, but there are several interesting topics in hadron physics to be investigated in these processes.
The D * s0 (2317) has been measured mostly in B factories and probably because of its narrow width (Γ < 3.8 MeV) it has not been seen in some channels. One of them is theB (Fig. 1 ). There are several theoretical estimates of the branching fraction of this decay channel [14] [15] [16] [17] [18] [19] and they predict numbers which differ by up to a factor two. In all these calculations, a source of uncertainty is in the hadronization. In the present work, assuming that the D * s0 (2317) and D * 0 (2400) are dynamically generated resonances, we try to improve the hadronization and the treatment of final state meson-meson interactions. Moreover, in order to further reduce uncertainties we compute the ratio of decay widths:
We calculate the left side of this equation and then, using the available experimental information about the process Fig. 2 ), we can extract ΓB0 →D * 0 (2317) +ν l l − . We consider also the B − → D * 0 (2400) 0ν l l − decay (Fig. 3) . The formalism is very similar to the one presented in Ref. [20, 21] for nonleptonic B decays.
As it is depicted in Fig. 4 , after the W emission the remaining c −q pair is allowed to hadronize into a pair of pseudoscalar mesons (the relative weights of the different pairs of mesons is known). Once the meson pairs are produced they are allowed to interact in the way described by chiral unitarity model in coupled channels and automatically the D * s0 (2317) and D * 0 (2400) resonances are produced. This paper is organized as follows. In Sec. II, we formulate the semileptonic B decay widths into D resonances and give our model of the hadronization. Next in Sec. III we consider D resonance production via meson coalescence after rescattering, and in Sec. IV we calculate the production of two pseudoscalars with prompt production plus rescattering through a D resonance. Then in Sec. V we formulate meson-meson scattering amplitudes to generate the D
FIG. 3: Semileptonic decay of B
− intoν l l − and a primary cū pair.
II. SEMILEPTONIC B DECAYS
Let us first formulate the semileptonic B decays into D resonances in the following decay modes:
where the lepton flavor l can be e and µ. For this purpose we express the decay amplitudes and widths in a general form in Sec. II A and give our model of the hadronization in Sec. II B.
A. Semileptonic decay widths
In general, by using the propagation of the W boson and its couplings to leptons and quarks, we can express the decay amplitude of B →νl − hadron(s), T B , in the following manner:
where u l , v ν , u c , and u b are Dirac spinors corresponding to the lepton l − , neutrino, charm quark, and bottom quark, respectively, g W is the coupling constant of the weak interaction, V bc is the Cabibbo-Kobayashi-Maskawa matrix element, and M W is the W boson mass. The factor V had consists of the wave function of quarks inside the B meson and the hadronization contribution in the final state, and it will be evaluated in the sections below. In the following we neglect the squared momentum of the W boson (p 2 ) which should be much smaller than M 2 W in the B decay process, and therefore the decay amplitude becomes
where we have introduced the Fermi coupling constant
) and defined the lepton and quark parts of the W boson couplings as.
respectively. Now let us calculate the decay widths of the semileptonic B mesons into D resonances. In the calculation of the decay widths, we take the absolute value of the decay amplitude T B and average (sum) the polarizations of the initial-state quarks (final-state leptons and quarks). Therefore, in terms of the amplitude in Eq. (4), we can obtain the squared decay amplitude as
where the factor 1/2 comes from the average of the bottom quark polarization. Then, by using the conventions of the Dirac spinors and traces of Dirac matrices summarized in Appendix A, we can calculate the lepton part of the amplitude (5), which reads
where p ν and p l (m ν and m l ) are momenta (masses) of the neutrino and lepton l − , respectively. In a similar manner, we can calculate the quark part of the amplitude, which is given by Eq. (5)
with the momenta (masses) of the bottom and charm quarks, p b and p c (m b and m c ), respectively. Now we take a heavy quark limit and assume that the momentum of both the bottom and charm quarks are zero at the B rest frame. Then we have p , and the quark part of the W coupling can be rewritten as
at the B rest frame. Here we note that this is the delta function rather than the metric g αβ . As a consequence, the square of L α Q α with polarization summation gives
where we have used δ αβ g αβ = g 00 + g 11 + g 22 + g 33 = −2. Finally we obtain the squared decay amplitude:
With the above squared amplitude we can compute the decay width. We will be interested in two types of decays: three-body decays, such asB
, and four-body decays, such asB
and also for the similar B 0 and B − initiated processes. As it will be seen, both decay types can be described by the amplitude T B with different assumptions for V had . The final formulas for 3 and 4-body decays are then given by:
respectively. In the equations, m B , m ν , and m l are respectively the masses of the B meson, neutrino ν, and lepton l, T 3(4) is the three-(four-) body decay amplitude, and the summation symbols represent the average of the polarizations in the initial state and the sum over the polarizations in the final state. Moreover, the n-body phase space dΦ n has been introduced as
where
is the on-shell energy of i-th particle with its mass m i , p µ B is the four-momentum of the initial B meson, and p µ tot is the sum of the final-state momentum:
In order to proceed with the calculation we need a prescription of hadronization, i.e., after the W emission in Figs. 1-3 we must specify a way to convert the outgoing quarks into hadrons and compute V had . This will be done in the next subsection.
B. Hadronization
The conversion of quarks into hadrons in the final stage of hadron reactions is a long-standing problem which up to now has no definitive solution. Since the energies involved are of the order of a few GeV or less, this is a non-perturbative process. For particles produced in very high energy collisions and with high transverse momentum, we can use fragmentation functions, which are extracted from data phenomenologically and then refined with a perturbative QCD treatment. In some case one can develop an approach based on effective Lagrangians [22] . In the process considered here, in contrast to the high energy case where many particles are produced along with the formed hadron, only one quark-antiquark pair is produced and hadronization is mostly a recombination process which binds together the existing quarks. Here we follow [20] and describe hadronization as depicted in Fig. 4 . An extrapair with the quantum numbers of the vacuum,ūu +dd +ss +cc, is added to the already existing quark pair. The probability of producing the pair is assumed to be given by a number which is the same for all light flavors and which will cancel out when taking ratios of decay widths. We can write this cq (ūu +dd +ss +cc) combination in terms of 
Now, in terms of mesons the matrix M corresponds to [23] 
Hence, in terms of two pseudoscalars we have the correspondence: cd (ūu +dd +ss +cc)
for D * s0 (2317) + , D * 0 (2400) + , and D * 0 (2400) 0 production, respectively. Then, for simplicity we concentrate on the relevant channels for the description of the D resonances. In fact, it was pointed out in Ref. [24] that the most important channels for the description of D * s0 (2317) (D * 0 (2400)) are DK and D s η (Dπ and D sK ). Therefore, the weights of the channels to generate the D resonances can be written in terms of the ket vectors as
where we have used two-body states in the isospin basis, which are specified as (I, I 3 ) and are summarized in Appendix A. We note that, due to the isospin symmetry, both the charged and neutral D * 0 (2400) are produced with the weight of |(φφ) 42 = −|(φφ) 41 , which means that the ratio of the decay widths into the charged and neutral D * 0 (2400) is almost unity. By using these weights, we can express V had in terms of two pseudoscalars. Once the quark-antiquark pair hadronizes into two mesons they start to interact and the D resonances can be formed as a result of complex two-body interactions with coupled channels described by the Bethe-Salpeter equation. If the resonance is formed, independent of how it decays, the process is usually called "coalescence" [25] and it is a reaction with three particles in the final state (see Fig. 5 ). If we look for a specific two meson final channel we can have it by "prompt" or direct production (first diagram of Fig. 6 ), and by rescattering, generating the resonance (second diagram of Fig. 6 ). This process is usually called "rescattering" and it is a reaction with four particles in the final state. Coalescence and rescattering will be discussed in the next sections.
III. COALESCENCE
In this section we consider D resonance production via meson coalescence after rescattering (see Fig. 5 ). This process has a three-body final state with a lepton, its neutrino and the resonance R. The hadronization factor, V had , can be obtained as 
Here g i is the coupling constant of the D resonance to the i-th two meson channel and G i is the loop function of two meson propagators (see Sec. V)
where P µ is the total four-momentum of the two-meson system, and thus P 2 = s with s being the invariant mass squared of the two-meson system, and m i and m ′ i are the masses of the two mesons in channel i. An important point to note is that the prefactor C is the same in all decay modes and contains dynamical factors common to all reactions only because we are assuming that in the hadronization the SU(3) flavor symmetry is reasonable, i.e., the quark pairs cs (Fig. 1) and cd (Fig. 2) hadronize in the same way. We further assume that C is a constant and therefore is canceled when we take the ratio of decay widths as in Eq. (1). Now we can evaluate the decay widths by using the formula of Eq. (12). Inserting Eq. (25) [or Eq. (26)] into Eq. (11) and the latter into Eq. (12) we can write the decay width of the D resonance production via meson coalescence (Fig. 5 ) as
where p cm D is the momentum of the D resonance in the B rest frame andp ν is the momentum of the neutrino in the νl rest frame, both of which are evaluated as
with the Källen function λ(x, y, z) = x 2 + y 2 + z 2 − 2xy − 2yz − 2zx and the D resonance mass m R . The tilde on characters indicates that they are evaluated in the νl rest frame unless explicitly mentioned. The solid angles Ω D and Ω ν are for the D resonance in the B rest frame and for the neutrino in the νl rest frame, respectively, and M (νl) inv is the νl invariant mass. After performing the angular integrals, we obtain the final expression of the decay widths for the coalescence of the D resonance:
where the integral range of
In the equation, (E ν E l ) B rest is the product of the ν and l energies averaged over the neutrino solid angle and it is calculated in the following way. Before the angular integral, we have an exact relation:
Since
For simplicity we neglect lepton masses, so we havẽ
On the other hand, the kinetic condition leads to an exact form ofẼ B :
In this way we have
Then (E ν E l ) B rest becomes
Integrating the second term with the neutrino scattering angle in the νl rest frame, we have
As a result, we obtain (E ν E l ) B rest as
IV. RESCATTERING
Next, the production of two pseudoscalars with prompt production plus rescattering through a D resonance is calculated with the diagrams shown in Fig. 6 , and its hadronization amplitude V had in the isospin basis is given by
Again we see that the prefactor C is the same in all the reactions. In order to calculate decay widths in the particle basis, we have to multiply by the appropriate Clebsch-Gordan coefficients. 
where P cm is the momentum of the νl system in the B rest frame,p ν is defined in Eq. (30), andp i is the relative momentum of the two pseudoscalars in their rest frame, both of which are evaluated as
Here we note thatp i is a quantity in the rest frame of the two pseudoscalars rather than the νl system.
V. THE DK-Dsη AND Dπ-DsK SCATTERING AMPLITUDES
In this section we will discuss in more detail the amplitudes which appear in Eqs. (40), (41), (42), and (43). We formulate meson-meson scattering amplitudes for the rescatterings to generate the D * s0 (2317) and D * 0 (2400) resonances in the final state of the B decay. In Ref. [24] it was found that the couplings to DK and D s η are dominant for D * s0 (2317) and the couplings to Dπ and D sK are dominant for D * 0 (2400). Therefore, in the following we concentrate on DK-D s η two-channel scattering in isospin I = 0 and Dπ-D sK two-channel scattering in I = 1/2, extracting essential portions from Ref. [24] and assuming isospin symmetry. Namely, we obtain these amplitudes by solving a coupled-channel scattering equation in an algebraic form
where i, j, and k are channel indices, s is the Mandelstam variable of the scattering, V is the interaction kernel, and G is the two-body loop function. The interaction kernel V corresponds to the tree-level transition amplitudes obtained from phenomenological Lagrangians developed in Ref. [24] . Here we summarize the tree-level amplitude in the isospin basis (for the two-body states in the isospin basis, see Appendix A). Namely, for the DK-D s η scattering in I = 0 we have
and for the Dπ-D sK scattering in I = 1/2 we have 
where t and u are Mandelstam variables. In these equations, f π and f D represent the pion and D meson decay constants, respectively, and m π , m K , and m D are the masses of pion, kaon, and D mesons, respectively. In addition, in order to treat effectively interactions of heavy mesons, we have introduced a parameter γ ≡ (m L /m H ) 2 as the squared ratio of the masses of the light to heavy vector mesons (respectively m L and m H ), which are exchanged between two pseudoscalar mesons. Then we perform the on-shell factorization and the s-wave projection to give the interaction kernel V in Eq. (47):
where θ is the scattering angle in the center-of-mass frame. For the loop function G, on the other hand, we use the expression in Eq. (27) . In this study we employ the dimensional regularization, so we can express the loop function as
with the regularization scale µ reg and the subtraction constant a k , which becomes a model parameter. In this approach, D resonances can appear as poles of the scattering amplitude T ij (s) with the residue g i g j :
The pole is described by its position s pole and the constant g i , which can be interpreted as the coupling constant of the D resonance to the i channel. In this study only the subtraction constant in each channel is the model parameter. Actually, the meson masses are fixed as m π = 138.04 MeV, m K = 495.67 MeV, m η = 547.85 MeV, m D = 1867.23 MeV, and m Ds = 1968.30 MeV, and we take
for the pion and D decay constants and masses of the light and heavy vector mesons, respectively. On the other hand, the subtraction constant, as a model parameter, is determined so as to generate a pole of D * s0 (2317) at the right place, i.e., to reproduce the mass reported by the Particle Data Group from the square root of the pole position, √ s pole . In this study we assume that all the subtraction constants take the same value for simplicity, and employ a DK = a Dsη = a Dπ = a DsK = −1.27 at µ reg = 1500 MeV. Indeed, with these values of the subtraction constant we obtain the pole positions listed in Table I . The values of the coupling constants g i are also given in Table I .
As one can see from Table I , the D * s0 (2317) state has zero decay width with Im √ s pole = 0, since we do not include the D s π 0 decay channel, for which the isospin symmetry breaking is necessary. As a result, the coupling constants also become real and have positive values. The DK coupling constant is about two times larger than that of the D s η coupling constant, and their values are in agreement with the results obtained in Ref. [24] . On the other hand, the D * 0 (2400) state has a decay width (2 Im √ s pole ≈ 320 MeV) to the Dπ decay channel, and the coupling constant is 
complex. The magnitude of the Dπ coupling constant is larger than that of the D sK coupling constant, and they are very close to the values in Ref. [24] . In the following we will use the coupling constants of the D resonances in Table I  for Let us further discuss the structure of the D resonances in this model from the point of view of compositeness, which is defined as the contribution from the two-body part to the normalization of the total wave function and measures the fraction of the two-body state [26] [27] [28] [29] [30] . Actually, the coupling constant g i is found to be the coefficient of the two-body wave function in Refs. [31, 32] , and the expression of the compositeness in the present model is
On the other hand, the elementariness Z, which measures the fraction of missing channels, are expressed as
We note that in general both the compositeness X i and elementariness Z become complex values for a resonance state and hence one cannot interpret the compositeness (elementariness) as the probability to observe a two-body (missing-channel) component inside the resonance. However, a striking property is that the sum of them coincides with the normalization of the total wave function for the resonance and is exactly unity:
which is guaranteed by a generalized Ward identity proved in Ref. [33] . Therefore one can deduce the structure by comparing the value of the compositeness with unity, on the basis of the similarity to the stable bound state case. The values of the compositeness and elementariness of the D resonances in this approach are also listed in Table I . The result indicates that the D * s0 (2317) resonance, which is obtained as a bound state in the present model, is indeed dominated by the DK component. This has been corroborated in the recent analysis of QCD lattice results of [8] . In contrast, we may interpret that the D * 0 (2400) resonance is constructed with missing channels, although the imaginary part for each component is not negligible.
VI. NUMERICAL RESULTS
Now we show our numerical results of the semileptonic B decay widths. As we have seen, we fix the hadronization process of the two mesons in Sec. II B and we employ an effective model in Sec. V so as to determine the strength of the couplings of the D resonances to the meson-meson channels. In this way, we can calculate the ratio of the decay widths in the coalescence treatment as well as in the rescattering.
First we consider the coalescence case. The numerical results are summarized in Table II . The most interesting quantity is the ratio R = ΓB0 s →D * s0 (2317) +ν l l − /ΓB0 →D * 0 (2400) +ν l l − in the coalescence treatment, which removes the unknown factor C in the hadronization process. The decay width in the coalescence is expressed in Eq. (31) . The coupling constants of the two mesons to the D resonances are determined in Sec. V and listed in Table I . We emphasize that we have no fitting parameters for the ratio R in this scheme. As a result, we obtain the ratio of the decay widths as R = 0.45. On the other hand, we find that the ratio Γ B − →D * 0 (2400) 0ν l l − /ΓB0 →D * 0 (2400) +ν l l − is 1.00, which can be expected from the same strength of the decay amplitude to the charged and neutral D * 0 (2400) due to the isospin symmetry, as discussed after Eq. (24) .
Then, we can fix the absolute value of the common prefactor C by using experimental data of the decay width. Actually, the branching fraction of the semileptonic decayB 0 → D * 0 (2400) +ν l l − to the total decay is reported as 
This work 0.13 QCDSR + HQET [14] 0.09 − 0.20 QCDSR (SVZ) [15] 0.10 LCSR [17] 0.23 ± 0.11 CQM [16] 0.49 − 0.57 CQM [18] 0.44 CQM [19] 0.39
by the Particle Data Group [34] . By using this mean value we find C = 7.28, and the fractions of decaysB In Table III we compare our predictions for
with the results obtained with other approaches. Although not explicitly mentioned by the authors, from the reading of the works we can see that we should attach an uncertainty of at least 10 % to the numbers without theoretical error bars. The discrepancy between the calculated branching fractions can be of a factor five, showing that there is a large room for improvement on the theoretical side. Our approach is the only one where the D * s0 (2317)
+ is treated as a mesonic molecule. Looking at Table III we can divide the results in two groups: the first four numbers, which are "small" and the last three, which are "large". In the second group, the constituent quark models (CQM) yield larger branching fractions. Understanding the origin of the discrepancies requires a very careful comparative analysis of all the ingredients of the different approaches and it is beyond the scope of the present work. However it is tempting, as a first speculation, to attribute these differences to the differences in spatial configurations, which are inherent to each approach. The parent B s meson is a compact state, with a typical radius of the order of the lowest charmonium radius, i.e. r ≃ 0.4 fm. In constituent quark models all the D s mesons, being relatively heavy cq states, should also be compact and hence the overlap between the initial and final state spatial wave functions is large. In the molecular picture of the D * s0 (2317) + , a bound state of two mesons is expected to have a large radius, of the order of a few fm, and therefore in this case the overlap between initial and final of wave functions is small, reducing the corresponding branching fraction. In the QCD sum rules formalism, there is no explicit mention to the spatial configuration of the interpolating currents and it is difficult to say anything.
Next we consider the rescattering process for the final-state two mesons formulated in Sec. IV. We use the common prefactor C = 7.28 fixed from the experimental value of the width of the semileptonic decayB 0 → D * 0 (2400) +ν l l − . The meson-meson scattering amplitude is obtained in Sec. V, and we further introduce the D s π 0 channel as the isospin-breaking decay mode of D * s0 (2317). Namely, we calculate the scattering amplitude involving the D s π 0 channel as 
with the pion center-of-mass momentum p π , and we obtain g Dsπ 0 = 1.32 GeV.
The results of the differential decay width dΓ i /dM
inv (44), where i represents the two pseudoscalar states, are shown in Fig. 7 . The figure is plotted in the isospin basis. Therefore, when translating into the particle basis we use the relation according to the weight of states given in Appendix A: [D
where [AB] is the partial decay width to the AB channel. An interesting point is that the DK mode shows a rapid increase from its threshold ≈ 2360 MeV due to the existence of the bound state, i.e., the D * s0 (2317) resonance. In experiments, such a rapid increase from the DK threshold would support the interpretation of the D * s0 (2317) resonance as a DK bound state. The strength of the DK contribution in the M (i) inv 2.4 GeV region is similar to that of Dπ, which corresponds to the "tail" for the D * 0 (2400) resonance. In fact, the position of the D * 0 (2400) peak in Fig. 7 might be shifted to higher invariant masses, since we have underestimated the mass of the D * 0 (2400) resonance in our model compared to the experimental values 2318 MeV and 2403 MeV for neutral and charged D * 0 (2400), respectively [34] (note that the experimental uncertainties in the position and width of this resonance are large). On the other hand, the D s π 0 peak coming from the D * s0 (2317) resonance is very sharp due to its narrow width. The D s π 0 peak height is about 30 times larger than the Dπ one coming from D * 0 (2400), but when integrating the bump structure of the differential decay widths we obtain a ratio of semileptonic B decays into D * s0 (2317) to D * 0 (2400) close to 0.45, as obtained in the coalescence treatment above.
The spectra shown in Fig. 7 are our predictions and they may be measured at the LHCb. They were obtained in the framework of the chiral unitarity approach in coupled channels and their experimental observation would give support to the D * s0 (2317) and D * 0 (2400) as dynamically generated resonances, which is inherent to this approach.
VII. CONCLUSION
We have extended the formalism developed in [20] and applied it to semileptonic B and B s decays into resonances, which are interpreted as dynamically generated resonances. As in [20] , we start studying the weak process at the quark level and, as a "final state interaction", the outgoing quark-antiquark pair couples to meson pairs, which rescatter and form resonances, which then decay in well defined channels. This process, discussed in Sec. II B, is a very economic hadronization mechanism with a single parameter, C. After fixing it with the help of experimental information on theB 0 → D * 0 (2400) +ν l l − decay, we make predictions for the semileptonic decay width of the D * s0 (2317), shown in Table III and also for the invariant mass spectra shown in Fig. 7 .
We have added a new information related to the nature of the D * s0 (2317) as an object with a dominant DK molecular component, which is the DK mass distribution in theB 
